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APPLICATIONS OF COMPUTERS TO RESEARCH OA isibelliuCTJ.OW

Duncan N, Hansen

The potentialities of computer assisted instruction (C)I) are both

broad and deep in terms of contributing to excellence in the educational

enterprise, We in the Stanford CAI Project in reading are committed to

utilizing this technological innovation to pursue a wide range of goals

and are engaged, consequently, in an extensive program of research and

development in CAI and its relationship to reading and related language

behaviors., This paper will report some of the experiments .hat have

been performed in pursuing our objectives.

The particular studies to be reported have been selected to

illustrate the kind and nature of questions that, I believe, are typical

of research and development efforts in the CAI area. We share with all

educational investigators the inherent difficulties of studying the

complexities of the total teaching-learning process. We readily

acknowledge the milti-variate influences of combining automated hard.

ware, subject-matter considerations, and postulates derived from learn-

ing and retention theory. Notwithstanding these complexities, our main

research objective is to explore the important variables from these

three areas in order to optimize the outcomes from the teacLing-learning

situation, and ultimately, to develop a theory of instruction. Knowing

that large scaled multi-variant experiments based on classical design

are beyond our resources or capability at this time, we have evolved a

"boot-strap iterative" research strategy which we believe will eventually
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lead us to our main goal, This strategy consists of pursuing questions

accordinE to their contribution to essential stages in the development

in a CAI program. The experiments to be reported represent ilimples from

these stages and reflect priorities common to our project and to most

CAI projects.

The Existence Theorem,

The first priority in developing a CAI curriculum consists of

establishing that reasonable learning outcomes can be obtained while

running under computer control. One must, in a sense: prove the exis«

ten= of feasible learning outcomes for the given subject.matter objec-

tives before searching for optimal setting of the variables that are

hypothesized to control the desired behavior. 1n the study to be pre -

sented, our learning objective was to tre.in initial readers to pronounce

sentences with conventional intonation, A common reading behavior for

beginners is to give "final word stress" to each of the words in a

sentence (e.g., reading "That" "Is" "A" "Fan" instead of "That2s a fano")0

Thus we wish to teach the child to adjust his timing, pitch, and stress

contours so as to read sentences with intonation patterns commonly found

in speech. This learning task takes on significance when one becomes

aware that no speech analysis device is a part of our CA/ system or is

even technologically available at this time. We depend upon our initial

reader to be the speech analyzer in this experimental situation.

We do have available one of the important eattnes of any CAI system,

namely, the precise control of the timing of all learning events. The

virtue and logistic nuisance of a CAI system is the required specific

cation of all the time intervals for each of the instructional and
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reinforcement events within every problem. In this particular study we

utilize the pacing feature of the CAI system to accelerate the reading

output of the children and, consequently, cause the children to approx-

imate the speech and prosodic features of normal speech while reading,

Our choice of learning materials facilitated, we believe, the

attainment of our learning objective, We maximized the expectancy of

conventional sentence intonation by selecting high frequency sentence

components such as "It's a," "Thatus a," "They can% etc. that are

utilized commonly in the introduction of high frequency nouns and verbs.

These high frequency initiating sentential strings were selected from

Carterettes (1965) list of multi-word units that were uttered by six.-

year-ela children during a free discussion session, It is to be noted

that these mord strings are pronounced by the children as if they are

polysyllabic words. In addition, young children's use of these sentence

initiators is strikingly parallel to the use of pivot words by two-year-

olds as discussed by browa and Fraser (1963), To each sentence initiator

we attached a noun or a verb that the children in this study bad pre-

viously learned to read aloud as a single 'word,

After a number of pilot investigations that focused on the timing

of the learning events, we found the following experimental procedure

to be most promising in terms of achieving our objective. The sequence

of the procedure is as follows g (1) antlpipation interval: a sentence

appears on a display device and the child is given one and one-half

seconds with which to attempt an oral reading, (2) reinforcement

intervals the audio device then plays a reading of the sentence to the

child, and (3) modeling interval the child 3 s given 3/4 of a second
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readiag. TbtL questicn remains: Will

intuflatinal 3,,hav,.. a 57,.:aders be influenceil. by these

ar.1 alA,ject-mattcr vuliables when run in a non-contirtgect vrocejure

under o.....nzputrer

Dur'ng Call of tnis year twelx:e secone..grade children, who had

failea, to reai the prLor .ear ana vere enrolled in a reredial reading

A,ass, -01Pee taken throua train1 4g 2assions. The materials

consis!,e of lour setizt:nce in3.tiatorg, "Tt'str 11,t is a," 'Vhatts a,"

and "They .Fan", matiosyliabic nouns were Geletted rrom the

Sullivan ReaQing femgratt Series 11964). The c4ildren were using the

materlal!3 in their remedied 1'1:is:ding classes. Evvinst eActi

trainAng session the children vorlc.ed through 2, of these sentence

infAiatoxs, In eight of the sessions the same initiator was presented
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a rim, It's a. rib, it's a p3.4.? itz cats r it a sequence. ihree of the
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The oml. reading responses Qf each zhild were scored two experienced

teacher into one of four categorles correct reading, list iatonation

error, real.ing cIrror, and cm5seir)n error,

Figure 1 presents the resultG for the anticipatory interval. The

;nn numbJT of list Lntonational ericr rc.:;pon2es systematically det!.reases

o,lard zew', The correct pronunciations have au upvarq treiw tolmrd

7, 11 an Agvmptote, Jliserve0. drop in correct performance in sesPions
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4, 8, and 11 is undoubtealy due to the mixed nature of the list of sentence

initiators, Still, it is to be noted that list intonation errors increased

only during session 4 and not in sessions 8 and 11. The occurrence of

omission errors was practically eero for the experiment. The readies error

consisted primarily of decoding mistakes such as reading "It's a man" for

"It's a mat," In our future work, we plan to delete sentences for which we

have evidence that the children have not sufficiently mastered the decoding

of the slot element. These results are quite encouraging to us especially

in light of the small amount of training we provided the children.

The moan results for both the anticipation and modeling interval

are presented in Table 1, There is a definite tread toward correct model-

ing that persists through all eleven traiuing sessions, The type and

amount of errors found in the modeling interval were somewhat surprising

in that we had assumed that the severs-year .old children would be able to

correctly repeat a reading of a fairly short sentence, such as those being

employed.

We believe this study establishes the existence of reasonble learning

in terms of our objeetives for conventional intonational behaviors in

initial reading, We make no elaims that this procedure or set of rate

riels is in any sense optimal. The results are only to be interpreted as

providing evidence that a procedure of this nature and under computer

control will provide reasonable learning outcatas Secondly; we were also

encouraged by the adjustment the children made to the timiag features of

the CAI system, We believe that for certain types of educational prdblems

the control over the timing e learning events may prove to be a powerful

variable affeeting the learning outcomes. The study also illvstrates how
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the well-developed abilities of children, such as speech recognition and

analysis, can be used in many non-contingent /earning situations. And

lastly; the study is representative of a large number of feasibility in-

vestigattons that we have pursued over the last year and one-half within

the Stanford CAI Reading Project. r would speculate that most research

and development projects in CAI also feel the necessity for performing

feasibility studies of this nature,

Operational Research*

Once the CAI system is installed in running aria.5blz, and appropriate

learning materials have been programmed, the focus of development shifts

to the coordination. of the program with the constraints of the on...going

school operation,

In planning a daily program of CAI instruction, one has to consider

the effects on the classroom teacher and her daily routine, he routine

of the school day at the elementary and secondary levels is far more

rigid than that typically found in higher levels1 consequently, one

must adjust the operation]. characteristics of daily OAI instruction to

smoothly coordinate with other ongoing educational activities, and

both reviews and teaches the predominant sound-to-letter rules for English

monosyllabic words. Daily operational activities of this type provide

rich the conventional activities. This study represents the outeomes

the investigator the ad itional dividends of normative data in more then

sufficient amounts about spelling performance* This normative data will

still, provide an instructional contribution that vtll supplement or en.,

from furnishing elementary.school students a daily spelling lesson that

furnish a baseline from which more detailed experimentation can be evaluated*
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The teaching maehine used in this study is a comelercially available

teletype, It is connected by private phone lines to the comps ter located

in the Stanford CAI Laboratory, The teletype machine is located in a

large book supply closet, The children reach this supply closet by a

short walk from their classroom. The use of this room provides privacy

for the learner and insulates the rest of the class from the operational

noise of the teletypes The children have become Quite autonomous in

coming from the classroom one at a time and taking their daily spelling

lesson,

As each student takes his turn, the machine prints out "Please type

your name." The student types in his name; /lineally in a hunt-and-peck

fashion, If the name is incorrectly spelled, the machine types out,

"This name is not on the student list, please try again." A properly

entered name sets the program in operation and the first problem is

printed out. The machine is programmed to position itself at the 'Bret

response blank. A pronunciation of the word is then given the chili.

A correct response is reinforced by the appearance of the ma problem.

An incorrect response is :g1Leated by the word "wrong" and the problem

is repeated, A second error on the problem Is followed by the message

"wrong, the answer is , .," the answer being displayed, The problem

is then presented once more to allow for a correction response, An error

on the third presentation of a word would cause the previous message to

reappear and the program to go on to the next problem. A ten-second

limit per character has been set as a program parameter, If a char-

acter is not typed before ten seconds, the machine resronse follows the

SOWP pattern for errors except that the words "Time is up" is substituted
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for "wrong" at each step, This is the same program sequence used for

:ally mathematics 'work (Suppes, Jerman7 and Groen, 1965). A schemata of

to%- within-problem branching structure can be seen in Figure 2 below,

When the lesson is completed, the machine prints out for the student

the ft. lowing information: percentage of correct resnonses, a listing of

the vox*. missed, and the total elapsed time in seconds. This is followed

by the menage "Tear off here " and the paper is turned up to the

cutter bar. The student tears off and keeps the printed record of hi

dayps work.

The instriktional lesson consists of the presentation of twentyc,five

monosyllabic mos that conform to regular sound-to-letter rules Neir,

1965). The first .en words are presented with all consonant letters being

typed except for the vowels. The Child's task is to insert the correct

vowel letters. The :LC words are then randomized and represented to the

children for conventionil spelling. The lesson is finished by presenting

five additional words wh: ch conform to the same vowel snelling rule.

Bach of these twenty-five item drills are short enough so that the children

are able to complete them fithin three to nine minutes.

In an elementary schwa located five miles from the Stanford Camnus,

we have been supplying a da. ly lesson in spelling to thirty-one low-

ability sixth-grade children, The mean reading achievement level of the

group is 4.3 years, or approxim Lely two years behind grade level. The

children also show considerable deficiencies in spelling Performance,

For this class of monosyllabic words the children typically miss

about 50 per cent of them when they are presented in a conventional

classroom testing situation. This level of performance was established
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during a testing program carried out in September, 1965. figure 3

presents the Meall proportion of correct responses to the three types

of epelling items, that is vowel insertion, word spelling, and transfer

vords. The data covers a ten session period for this drill wort o In

the first nine sessions, instruction was given on 90 words plus 45

transfer words. Session ten consisted of a twenty.five word review test;

the words being a ranaom sample from the 90 instructional words. As can

be seen, there is a systematic improvement in mean correct perfo_u ce.

The performance is nicely ordered in that vowel insertions are simpler

than whole word spelling and, in turn, transfer words are the most dife

ficult of all It is encouraging to note though, that performance on

the transfer words is appreciably above the 50 percent level; the level

at which the children normally perform.

Figure 4 presents latencies for correct and incorrect responses.

The same ordering of the data takes place for latencies as was found for

mean correct responding. Interestingly, where items were correctly

spelled; the mean latency per character is shorter for the single vowel

insertion than it is for the total word spellings. It would appear that

the processing time in spelling is not some simple summation of the time

to perform each sound (i.e., phoneme) to letter translation. The even

longer mean latencies on incorrect responses would indicate that even

more processing is involved when searching for an uncertain letter.

Due to the relatively small size of the sample/ we have performed

no systematic attitudinal study of the teachers' or students' reactions

to the CAI program. The teacher of the children has consistently reacted

with very positive verbal comments throughout this academic year. Be
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scans the studentas printouts daily and has modified his instructional

Program to highlight those spelling rules that are poorly mastered by the

group. More importantly, the children have continued their positive

interest in the CAT activity and are observed to apply to the daily lesson

a level of attention that is undisturbed by the many visitors who have

come to view the operation.

During the course of operating this CAI system on a daily basis,

our experience indicates that CAI can feasibly and effectively coordinate

with the conventional instructional activities of the classroom teacher

ii significantly increasing the spelling competencies of elementary

school children. We are still investigating the nature of this collat.-

oration between the classroom activities and the CAI activities. We

desire ultimately to establish an optimal, coordination between classroom

instruction and CAT activities.

CAI $yothesl.s and Te.stirIL,

Once the CAI system has been thoroughly integrated within the school

operation, one can investigate ir,structional variables that are bypothesired

to control the optimality or the learning outeomes. In most inatencen

these hypotheses will he related to decisions one has made in order to estab-

lish an operational basis. These curricular and operational decisions can

be reformulated in most cases so as to reveal the nature of related under-

lying learning variables. In this particular study we investigated the

role of list size and its implication for distribution of practice on the

acquisition of correct spelling behaviors, More simply, is it better to

practice spelliqg suceessive par:a of a lengthy list of difficult words, or



is It better to practive the total ii
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To our knowledge there has been

no study of this within a spelling context (Horn, 1960. ) Itie whole.parc

distribution issue is reviewed for verbal material by Woodworth and Schlos.

berg (1954) and Ausubel (t963). Suppes (1964) has formulated the issue in

terms of an optimal distribution rule that follows if a double operator

linear learning model, characterizes learning, and etenton pr.cesses, The

rule cats be stated as follows: If the learning parameter is greater than

the forgetting parameter fora. given list of items, then all items should

receive a maximum distritAtion as in a whole list procedure in order to

optimize performance on a subsequent test. The converse is true if lbe

learning parameter is less than the forgetting parameter. In this 64,114

1 predicted that the sixth-grade children would spell more accurately words

practiced in three part-lists than an equivalent number of words practiced

in one whole.list. The prediction follows from my asseminion that the

forgetting narameter would be greater than the learning parameter for these

particular children when learning to spell difficult words,

In addition to the whole-part variable, we decided to evaluate the

effects of the correctional variable as in is manifested ire the previously

mentioned erob2em-brauehina structure as presented in Figure The natural

opposite of this eorrectional variable would be a feedback condition where

one indicates incorrect responses and gives the correct answer without

opportunity to overtly respond. Conventional classroom experiementation

indicates that eorrectionni responses are imoortaat to spelling performance

Morn, 1947 and Tyson, 1953;. Therefore9 J expected the items presented

under a correctional mode to be more aceuraely spelled than the nonecor-

rectional words. 1 had no insight as .eo the possibility cr an interaction

between the independent variables..



Twen,.:y-four students tem the sixtharade class server as ..:ub,2,ects

it the other seven students were dvoyme.d from the analy:. is (:Ieeaue.e they

missed one or more trainirg sessions). Ihirty-six words

tam. were inaccurately- spel:i_ed fifty percent of the teire s.ixr.

children were randomly selected from the Iowa. Spellifle Seale .3.9/-5),

For each child 18 of the words were itarldomly assign 3d ttie

and the remaining 18 words randomly assigned to the three Tzrr,c:.stee: In

turn half the words on each list were rardmly chosen ) reeeive Co.,tree-

tiorial pro.eamming, Each list was then rerandomlzed to avoid se:.ial

Parenth.eticaIly, the computer %Is a great aid in perfarMirIE: the to rap-

d.omization, procedures,

Each child received six Zrainirs sessions, three on the who1e-7,ist s.nd

one each on the three parts-Iists. A tweatir-four hour 1.g) ,t -nest on all oP

36 words as administered in the classroom at the end the experiment-

otal work time for the two types of Lists wa Ei:Zt for each

the total work Lime for the whole-list -4es used to derive

the session '.eength for the par'.`,--.1ists)e, Controlling 1,Yor?.5. tine r:,ther than

item practice seems reasornble for ar edufm-d.onal sitizi...-jor mos:

instructional procedures are specified ire terws of fie-zcd tlruc 1.t.e.ervals

whie-h are allocated within the dail,y rout,ine. The cor,d1-44ic:ns o5 the train

ing sessions were identical. tb2.,,t. of the teletype s7lea...!,.11...g ittrv".117 -dot)

covered in the prior study. the sz:mary slatistic.ts were supprev ;ed at the

end of each of the lersons, rtrt6 the priat-out.--.; of the lessuns we -se .rot dyer

to the childrem days prior .'.o the start of the ...i:.perinent, the chja,dre'n

were given a 36.,word test in of we e pro,,eeat-0.7,d

the feedback -ncncorrectiona:,, Tni.F., eve tIn chi::3ren

to arlapr. to -..;..hit3 prOrs':"TIMA r:g
la of

strii-t.ae) on V.-,:t whole,
tv;Inik.; a=7.,

bol.f
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started on a part-list.

Figure 5 presents the results of the training sessions and the post-

test. It is obvious from the curves that the part-list noncorrectional

items were acquired with the greatest facility by the children. An analysis

of variance of the post -test results indicated that the whole-part main effect

was statistically significant (P < .05) . The noncorrectioa main effect was

statistically insignificant. The first-order interaction of whole-part by

correction-noncorrection was statistically significant (P < .01). J\11 of

the individual difference effects were obviously significant.

The prediction from Suppes model for optimal distribution of .item

practice vas borne out in that the children did perform significantly better

on the part-list procedure, The interaction between the correctional

variable and the whole-part variable can be interpreted in one of two ways.

First this interactional effect might be attributed to learning factors

and long-term memory effects. If the correctional procedure maximizes

the permanence of a correct spelling in long-term memory, then one would

expect a correctional mode to be superior for the whole-list condition,

and the superiority of the non-correctional mode for the part-list condi-

tion would be attributed to short-term memory factors that become operative

when a list is repeated many times within a training session, Or, secondly,

the effects of the correctional branching structure may have caused the

children to have a negative or emotional reaction to Tepeated errors. Under

the part-list condition, the words are repeated in closer time intervals

so that the emotional reaction to the correctional items would be heightened.

Bower (1962) reports a similar reaction for college age subjects in a

paired- associate situation. At this time we feel we do not have sufficienes

data to decide on either interpretationc, Consequently, we are note
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re-investigating; the repetition issue in a follow-up study in hich the

number of within - problem repesitioip and she amount of feedback are the

independent variables_ ltis experiment, though, did provide us with

valuable information as to the broad parameter values or optimal list size

for difficult words-, As one gains more information on individual children

as to their aptitudes for handling nee* and difficult words, one hopefully

will be able to make more refined predictions as to what mould be ;he

appropriate list size for given children: to practice in a spelling context.

Discussion

CAI represents one of many. new innovatiJns on the educational

horizon,) It shares with other innovations a major developmental barrier.

After the conceptual sod technological potentialities have been eszabliabed

by its creators, be their contributions pedagogical, scientific, or engineering

in nature, the educational cbanneIs of communication are filled with rosy

prophesies of the future if only the total educational structure will

participate in the advantages of this proposal. These published and spoken

messages si;ress the panacea-like characteristics of the innovation but

fail in many instances to mention the required research.and development

stages remaining before the prophesies can be fUlfillede I would contend

that educators readily accept the conce ptions and possibilities or each

new innovation, but fail to appreciate the substantial commitments for

intricate and unaccustomed new operatiotal orientations, patterns, and

routines, Far too few are apare of the extensive research end development

activities required before the It'enefits of an innovation ':become available.

It vas the intention of this paper to illustrate some of the research

and development activities required if CAI is Lc, em%.ribute effective4 to

improvements in edulati.oral outcomes The :three studies reviewed :;11 ;his

report represent samTles from some of 1:41:e required ret:Pearet and develop; ew
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v:ages, the first study provided insight into the elw.ablishment of the

eye.Lsteetce of reasonable and desired learning outcoNes, The second study

iLluminatec some of the problems, requirements, and possible outcomes when

CAI becomes an integrated component of an educational operation. The

third s-tmdy presented some of the detailed experimentation that will

contribute both to theoretical developments and to a more efficient

educational system. there are: without doubt, many other add: -Aonal

stages in the development and acceptance of a nets viable innovation like

CAL

Many investigators have reported many other types of appropriate and

necessary research activities in the development of CAI, especially those

that are highly relevant. to higher education. We at Stanford are also

investigw,ing tutorial modes for CAI in seeking alternatives to the existing

large group instructional methods. Ultimately, we all share the desire

for CAI sysi,ems that will carry on Socratic dialogues between individual

students and a field of knowledge. We *wish to :ctrolride each student with

a store of information from which he can retrieve those parts that will

satisfy his intellectual needs. We as educational investigators would he

fascinated to follow the course of this dialogue, monitoring; axed gaining

im3ights into each increment in the learner's conceptual development.

Unforlainateiy these sophisticated :;AI systems are only at the exploratory

level of existence.

At this time 041/ does have the capabilities for automating the

clearly- specified practice requirements of courses from any level of

education. In higher education disciplines like maaemati-tm science,

foreign language, engineerisg, etc, are bountiful with skills ^: -ha

require practice in depth. Pow fortunat:i the professor or his graduale
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student who didn't have to grade this volume of work. Little research is

required to substantiate the benefit no students who have their work

evaluated while they are doing it

Before even this level of applimusion becomes a reality, an intensive

exploration of the new roles, expectancies, and operation patterns

vill be needed, If this effort is forthcoming, the full potLentialities

of CAI can be achieved.
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